study we used a selection of peptide neurotoxins against the cardiac Na V 1.5 channel to demonstrate the feasibility of screening slow-binding molecules by applying sophisticated voltage protocols, and acquiring stable, high quality recording for more than 30mins. The toxins used were: 1) JingZhaotoxin-II which is a potentiator or positive modulator of Na V 1.5 channels, 2) Pro-Tx-II, which is an inhibitor of Na V 1.5 channels, and 3) u-Conotoxin PIIIA a Na V 1.4 inhibitor was used as a negative control. The IonWorks Barracuda Plus platform was used for these studies. Results are presented which are in good agreement with peer-reviewed publications. Taken together, these results demonstrate the high-throughput capabilities of this platform for measuring peptide toxins targeted against ion channels.
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The University of Chicago, Chicago, IL, USA, 2 University of Calgary, Calgary, AB, Canada. Mammalian voltage-gated sodium channels (Nav) are composed of two subunits: a monomeric pore-forming subunit (a-subunit), that contains four domains (DI-DIV), each composed of a voltage-sensing domain (VSD, S1-S4) and a pore domain (S5-S6) and auxiliary subunits (b-subunits) that are transmembrane proteins with type I topology: containing an extracellular amino-terminus, a single transmembrane segment and an intracellular carboxyl terminus. A large body of literature has shown that interaction between aand b-subunits results in Nav with altered gating kinetics suggesting that b-subunits may directly interact with VSD. However, aspects of the stoichiometry, arrangement and molecular interaction between a and b subunits remain unclear. In this study, we explored the location of b1 in relation to the rat skeletal muscle sodium channel a-subunit (Nav1.4) using lanthanide-based resonance energy transfer (LRET) via two strategies. 1) Four Nav1.4 constructs were designed to encode a Tb3 þ binding-tag (Nav1.4-LBT) on top of the S4 of each domain (DI-LBT, DII-LBT, DIII-LBT and DIV-LBT) as energy donor. A hexa-histidine-tag was inserted in b1 (6His-b1), which binds a Cu2 þ ion to act as acceptor. 2) b1 constructs were designed to encode at an extracellular site an LBT that binds Tb3 þ as energy donor while the acceptor was Alexa488 conjugated to Ts1, a b scorpion toxin which binds to DII-VSD in Nav1.4. For both experiments, we used Xenopus laevis oocytes co-expressing Nav1.4 and b1 constructs injected with the cRNA at 1:1 molar ratio. In preliminary results, DIV-LBT þ 6His-b1 oocytes displayed robust energy transfer between Tb3 þ and Cu2þ, indicating that at least one b1-subunit is located at~28 Å of S4-DIV. Support: 13POST14800031 (AHA), MOP-10053 (CIHR), GM68044-07, U54GM087519 and GM030376. The University of Chicago, Chicago, IL, USA, 2 University of Calgary, Calgary, AB, Canada. Voltage-gated sodium channels (Nav) are fundamental for the generation and the propagation of action potentials. Mammalian Nav alpha subunits are single macromolecules organized in four different domains (DI-DIV). Each is composed of 6 transmembrane segments (S1-S6) from which S1-S4 constitute the voltage sensing domain (VSD) and with S5 and S6 constituting the pore. While Nav function has been studied extensively, the exact structural mechanisms of gating are not fully understood. Recently, the crystal structure of the prokaryotic sodium channel, NavAb, has been solved, but NavAb is a homotetrameric protein in contract to the mammalian Navs. Thus many questions were not answered by the prokaryotic channel structures. To resolve the voltage dependent conformational changes of Nav, we tracked conformational changes of the VSD from each domain of the rat skeletal muscle sodium channel (Nav1.4) using Lanthanide-based Resonance Energy Transfer (LRET), a FRET technique that allows for precise measurement of intermolecular distances by taking advantage of the special properties of lanthanide as an energy donor. We prepared Nav1.4 constructs with a genetically encoded lanthanide binding tag (LBT), which holds a lanthanide (Tb3þ) ion with high affinity, inserted at the top of the S4 segment in each domain. Also, we synthesized two toxins conjugated to dyes to function as acceptors: the pore-blocking small molecule tetrodotoxin conjugated with a HiLyte fluor488 (TTX-F), and the peptide b scorpion toxin Ts1, from the Brazilian scorpion Tityus serrulatus, conjugated with Alexa488 (Ts1-Alexa488). Having several donor positions (Tb3 þ ions in LBT's) and two different acceptor positions (TTX-F and Ts1-Alexa488), we calculated multiple distances in voltage-clamped Xenopus laevis oocytes expressing our Nav1.4 constructs that remained functionally active. The results provide new insight to structure-function information in mammalian Nav channels. Support: 13POST14800031 (AHA), MOP-10053 (CIHR), GM68044-07, U54GM087519 and GM030376. We report observation of a novel ''remote knock-on'' mechanism for enhancement of permeation in Brownian dynamics simulations of a simple model ion channel. Unlike conventional knock-on, which requires a second ion of the same species to enter the channel in order to knock forward and replace an ion already in the channel, the new mechanism does not require the instigating ion to enter the channel, nor that it be of the same species. The figure plots the conditional probability distribution as a function of the position x of the instigating ion at the instant of permeation when the ion initially trapped at x=0 escapes to the right. The curves are plotted for different solute concentrations CL. The most probable position of the instigating ion is clearly at the left mouth of the channel (x=-15Å ). A 2nd small peak corresponding to conventional knock-on appears at x=0 for high enough CL.
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A Mutational and Computational Study of Water and Ion Movement through the S6 Bundle-Crossing of CaV1.2 Channel Roman Shirokov. Pharmacology and Physiology, NJMS Rutgers University, Newark, NJ, USA. How exactly voltage-gated calcium and sodium channels open their physical gate formed by the S6 TM segments is not clear yet. To study this, we modeled the pore-forming region of CaV1.2 channel using a combination of homologybased modeling and abinitio Rosetta algorithm. The obtained fold was stable during 100-200 ns long molecular dynamics runs with implicit membrane and solvent. In explicit membrane/water systems, it remained stable during multiple 40-50 ns runs. When tested with the ZDOCK protein-docking algorithm, the fold binds toxin Calcicludine at a site that incorporates residues, which previously were shown to be involved in binding of the toxin. Molecular dynamics with SWM4-NDP water and polarizable ions reveals the presence of novel water-filled cavities on the intracellular side of the channel. We mutated the principal residues that form them and show their critical role in channel gating. According to molecular dynamics calculations, water polarizability appears to be important for the filling of channel. We observe that water molecules form stable structures (an enthalpy stabilized ice-like phase) inside the channel. We mutated the principal residues that are predicted to alter water structures in the pore and confirm their role in channel gating. Overall, our findings further elaborate previously proposed involvement of water in channel gating and uncover a novel molecular view on the final steps of channel opening. Supported by NIH R01 MH079406.
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Poisson-Fermi Model of a Calcium Channel: Correlations and Dielectric Coefficient are Computed Outputs Bob Eisenberg 1 , Jinn-Liang Liu 2 . 1 Rush University, Chicago, IL, USA, 2 National Hsinchu University of Education, Hsinchu, Taiwan. We derive a continuum model of biological calcium channels, called the Poisson-Fermi equation, designed to deal with crowded systems in which ionic species and side chains nearly fill space. The model is evaluated in three dimensions. It includes steric and correlation effects and is derived from classical hard-sphere lattice models of the configurational entropy of spherical ions and solvent molecules. Formulae are given for all ionic species with different sizes and valences. Unphysical overcrowding does not occur with Fermi distributions, unlike with Boltzmann distributions. We provide an analytical description of the implicit dielectric ('primitive') model of electrolytes that yields global and local formulae for chemical potential. Poisson-Fermi equations are local, with different correlations at different places. Correlations produce spatial variations of dielectric permittivity as an output of analysis. Computations of binding are consistent with Monte Carlo binding curves. They have anomalous mole fraction effects, an effective blockage of sodium binding by a tiny concentration of calcium ions. Symbols and details in J. Voltage-dependent Ca 2þ channels (Ca V ) are the principal pathway of excitation-evoked Ca 2þ entry. Their pore-forming a 1C subunit encodes four homologous, but non-identical, concatenated repeats, each including a voltage-sensing domain (VSD). The four VSDs confer voltage dependence to the ion-conductive pore. A potential consequence of the independent evolution of each VSD is that the strength and timing of Ca 2þ influx are governed by up to four VSDs with distinct voltage-sensing properties and contributions to channel opening. To test this hypothesis, and resolve the voltage dependent conformational rearrangements that initiate excitationcoupled Ca 2þ signaling, we used voltage-clamp fluorometry, tracking the activation of each VSD in human Ca V 1.2 (L-type) channels coexpressed with b 3 and a 2 d subunits. We found that each VSD possesses distinct voltage-sensitivity, as estimated by fitting normalized fluorescence deflections from each VSD to Boltzmann distributions: VSD-I: V 0.5 = 8.352.7mV; z=2.050.090e 0 ; VSD-II: V 0.5 =-2751.8mV; z=2.450.17e 0 ; VSD-III: V 0.5 =-1852.1mV; z=1.450.085e 0 ; VSD-IV: V 0.5 =-6152.3mV; z=1.350.18e 0 . Upon depolarization to 0mV, VSDs I-III activate with a similar time course to channel opening (t ON z2-4ms), while VSD-IV is significantly slower (t ON =1752.3ms). Upon repolarization, VSD-II deactivates with a kinetic component practically synchronous to the tail current (t OFF =0.5750.22ms), while other VSDs were several fold slower: VSD-I t OFF =3.750.69ms; VSD-III t OFF =6.651.0ms; VSD-IV t OFF =2855.3ms. How do the disparate voltage dependences and kinetics of the four VSDs associate with open probability and global charge displacement? All experimental data were fit by an allosteric model comprising five ''gating particles'' representing the four VSDs and the pore. This model revealed that the pore Closed/Open transition in the a 1C -b 3 -a 2 d channel is primarily regulated by VSD-II and -III, which stabilize the Open state by~-37meV and -68meV, respectively. This finding sets Ca V 1.2 channels apart from K V and Na V channels, where activation is governed by four and three VSDs, respectively. Funded by: NIH,AHA,FONDECYT,ACT.
688-Pos Board B443 Functional Interaction between the N-Termini of Murine L-Type Calcium
Channel Ca V 1.2-and b-Subunit Splice Variants Ajay K. Singh, Elza Kuzmenkina, Jan Matthes, Stefan Herzig. University of Cologne, Koeln, Germany. L-type calcium channels composed of a pore-forming Ca v 1.2 (a 1C ) subunit and auxiliary a 2 d and b-subunits are important for cardiovascular and neuronal function. Ca v 1.2 and b-subunits are subject to alternative splicing, which affects their biophysical and pharmacological properties. Here we describe an example of reciprocal modulation of such splice variants. Kanevsky and Dascal (J Gen Physiol. 2006; 128:15-36) demonstrated that the modulation of Ca v 1.2 by a b 2b -subunit depends on the Ca v 1.2 N-terminus (NT) and its natural and artificial variants. On the other hand, studies on the structure-activity relationship of b 2 -subunit NT splice variants yielded conflict-ing results (Takahashi et al., Biophys J 2003; 84:3007-21, Herzig et al., FASEB J 2007; 21:1527 -38, Link et al., J Biol Chem 2009 284:30129-37) , possibly due to the different Cav1.2 subunits chosen.
Here we examine the putative interaction between the two NT by coexpressing two variants of Ca v 1.2 (short NT and long NT) with three splice variants of b 2 -subunit b 2a , b 2b and b 2d ), which differ in size and composition of their NT. All possible combinations of murine constructs (including a 2 d-1) were transiently expressed in HEK293 cells. Whole-cell and single-channel currents were recorded. Whole-cell currents of b 2a -containing channel complexes display slower timedependent inactivation compared with b 2b and b 2d , irrespective of the Ca v 1.2 NT. In contrast, whole-cell current density is higher with b 2a (compared to b 2b and b 2d ), but only when co-expressed with long NT Ca v 1.2. At the single-channel level, this is reflected by an elevated open probability and availability for the b 2a -containing complex when co-expressed with long NT Ca v 1.2, but not with short NT Ca v 1.2. The respective NT of Ca v 1.2 and its b 2 -subunit can interact in a biophysically important manner. This mechanism may contribute to functional fine-tuning of channel complexes by alternative splicing.
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Gating Properties of Cav1.3 Calcium Channels: Insight from Alternative Splicing and Human Mutations Andreas Lieb 1 , Nadine Ortner 1 , Alexandra Pinggera 1 , Elena A. Azizan 2 , Morris J. Brown 2 , Petronel Tuluc 1 , Jörg Striessnig 1 . 1 University of Innsbruck, Innsbruck, Austria, 2 University of Cambridge, Cambridge, United Kingdom. Cav1.3 voltage-gated L-type calcium channels can activate at more negative membrane potentials than other high-voltage activated calcium channels. This allows them to contribute to specific physiological functions, such as cardiac pacemaking and hearing. Cav1.3 a1-subunits are regulated by a C-terminal modulatory domain (CTM) serving an auto-inhibitory function. Alternative splicing removes the CTM in C-terminally short variants (e.g. Cav1.342A) thereby stabilizing an even more negative activation voltage-range than in the long variant (Cav1.3L). It is unknown if the CTM affects gating of the voltage-sensor, its coupling to pore opening or both. We therefore investigated CTM effects on Cav1.3 voltage-sensor function (ON-gating charge). We compared Cav1.3 gating properties with low voltage-gated Cav3.1 T-type channels and with somatic Cav1.3 mutants recently discovered in human adrenal aldosterone-producing adenomas (APA). We expressed Cav3.1, Cav1.3 and Cav1.2 a1 subunits (the latter with a2-d1 and b3 subunits) in tsA-201 cells. ON-gating charge (QON) and inward calcium currents (ICa) were measured using whole cell patch-clamp. Cav3.1 ICa activated about 25mV more negative than Cav1.3L despite a much lower overall voltage-sensitivity of Cav3.1 voltage-sensor movements (QON-V). Half-maximal QON-V of Cav1.3L was also more negative than of Cav1.2. Although a proportionally higher fraction of QON had to be moved to activate Cav1.3L ICa, Cav1.3L channel activated at lower voltages than Cav1.2. Removal of the Cav1.3L CTM lowered Cav1.342A ICa halfmaximal activation-voltage without affecting QON-V. The CTM therefore must enhance ICa at lower potentials by facilitating pore-opening upon voltage-sensor movements. APA mutations V259D (IS4-S5), I750M (IIS6) and P1336R (IVS4-S5) induced about 15 mV negative shifts in activationvoltage and/or slowed inactivation. Gain of Cav1.3 channel function can therefore explain enhanced calcium-dependent aldosterone synthesis in these tumors.
(Support: Austrian Science Fund F44020)
